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Outline

Heavy ion collisions and a global analysis
Estimate many (physical) parameters using a lot of experimental data
Recent lessons on the shape of nucleons inside a nucleus

In particular: thePbPhktotal cross section and the nucleon width

Nuclear structure and the shape of nuclei
Heavy ion collisions as a collapsing wave function in nuclear structure

Newresults from LHC soon? (oxygen)

A systematic analysis of Oxygen and Neon
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Standard model of heavy ion collisions
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Quite straightforward to use
(see param file, right)
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Ten different probable parameter settings Thickness function nucleon

2 w = 0.55 tm] * w = 0.59 tm] ? w =0.51 fm7] 2 w = 0.46 fm] * w =041 fm] * w =0.51 fm7] * w =045 fm7] * w = 0.54 fm7] * w =044 fm7 * w = 0.59 tm
1 1 1 1 1: 1 . 1 1 1
‘ ’ 1) 0 0 {10 0 410 0 ) )
g 1 1 1 1 1 1-1 1 1 1
= il centr = 0% 12 2 2 2 2 2 2 2 Trajectum
(Q 2 ek 0 1 2 2 1 0 s 2 2 1 0 el 2 2 il 0 1 2 2 2 2 2 1 0 1 2 2 1 0 1 2
c ne = 4.971 2 n, =3.751 2 ne = 7.001 2 ne = 6.221 2 2 2 2 n = 13812 e =611
-~
m 1 1 I 11 q sl 1 | 1 1
=,
O 0 40 40 40 0 40 40 0 0 0
: 1 4-1 . 4-1 1-1 1 1, 1 1
j 2fcentr = 10% 2 {2 12 E) 12 2 2 2 2| Trajectum
2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2
z v=050fm1* v=0441tm1* v=0481fm1 * v=030fm1* v=036fm1* v=051fm1* v=030fm7* v=0391fm1* v=039fm1 v=037fm
7 & 141 o 1 4 1 41 11 1 E 1 15
0 0 @ 40 {0 {10 {10 0 0 0 0 )
1 1 1-1 1-1 1-1 1-1 1 1 1 1
2lcentr = 25% 12 ]2 =3 ]2 ]2 2 2 2 2t Trajectum
2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2
2 2 12 12 ) 2 2 2 2 2
1 1, 11 11 11 11 1 1 1 1
0 Jo 1o lo a Jo 1o 0 0 @ 0 0
1 4-1 4-1 4-1 1-1 1-1 1 1 i 1
2fcentr = 45% 2 {2 12 2 12 2 2 2 2 Trajectum
2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 0 1 2 2 1 2 2 1 0 1 2 2 1 0 1 2 2 1 ) 1 2
2 12 12 12 12 12 2 2 2
1 11 11 11 11 11 1 1 1
) {0 40 40 40 {10 0 0 0
»
1 1-1 {-1 {-1 1-1 1-1 i 1 1
2fcentr = 70% 12 -2 {2 {2 12 2 2 2 2t Trajectum




vArenusd

=

=

Ten different probable parameter settingg

Thickness function Pb
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Ten different probable parameter settingg

Energy density function Pb
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Bayes theorem:

=&
V/ (27)" det (B(z))
with A2 = (Y(m) - Yexp) . E(m)_l ) (y(m) - Yexp)

P(x|Yexp) = P(z)

Performing a global analysis

Same technique: gravitational waves

Model depends on parameters namearly
wdzy Y2RSt 2y wmMHnann O6RS&aA3aIyQ LI
Use an emulator for any point in parameter spaGé#)(
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Markov Chain Monte Carlo
653 data points
Obtain posterior probability density of parameters L — M

~1.5F 3 BBH Template
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Compare posterior with data
Can include high statistics run
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LIGO, Properties of the Binary Black Hole Merger GW150914 (2016)
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Ten different probable parameter settings Energy + viscosities + experiment
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The nucleonvidth andthe total PbPhadroniccrosssection
Whatiseasierto measurethe width than by simplymeasuringhe siz&?

Fix nucleonnucleon cross section: 23 »
sy , w8
Peoon=1- — /dd/d fd ] - 06—
i eXp{ Ogg | GXAY [ GZpA [ AZPB p _ VAP
e.g. collision probability tuned te,,for Gaussian profile £ 8.4; :
. . S L
Theoretically, cross section only depends on (! L P 7%- -
Nucleonnucleon cross section 0 70 2 04 0.8 12

Nucleon Gaussian width (dominant)

Centralitynormalisation 9.6 ] 2o
Minimum inter-nucleon spacing =, j
£ 8.4¢ 1 84p
: 5 // 1
Makes the cross section a robust observable N , N
Basically implying every model needs to get this right 95 100 10570 0.75 L5
CeNlnorm PbeS.U'I I_“%J dmm l_f[l'l_]

Basically implying the nucleon width should be small

See also David 6 E n tarel ConstamtihoizidesProgress in the Glauber Model at Collider Energies (2020)
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oaa & weights 8.03+0.19 2.204+0.06
. . weights 9.004+0.34 2.5040.10
Whywasthe width overestimate@ sen B3L0.19 2234006
neither 8.7240.29 2.414+0.09
ALICE 7.6710.24 2.06+0.08

Without cross section width is large, about 1n®
: : : : 0.62+91% and 1.037%1% 90% CI
With the cross section width is smaller, about ~0.18 and 1950 15 O0% &)

Still tension with cross section: other data pushes width~highe —— Weighted & opp
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With weighting cross section comes out correctly :_ N
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Also: description of data not much worse with smaller width 8,"4' 0.5 0.6 0.7 0.8 0.9 L0 11 1.2
Important that Bayes factor is an addition of many (correlated!) data points w PbPb, ¢ [fm]
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